Background: The association between TP53 R72P and/or MDM2 SNP309 polymorphisms and hepatocellular carcinoma (HCC) risk has been widely reported, but results were inconsistent. To clarify the effects of these polymorphisms on HCC risk, an updated meta-analysis of all available studies was conducted.
Introduction
Liver cancer, which consists predominantly of hepatocellular carcinoma (HCC), was the sixth most common cancer worldwide and the third most common cause of cancer mortality in 2008 [1] . In high-risk China, liver cancer was the third most common cancer with 402,000 new cases and the second most common cause of death from cancer with 372,000 deaths in 2008 [2] . Besides, HCC is the fastest growing cause of cancer-related deaths in men of USA [3] . Thus, liver cancer is a serious fatal disease worldwide and has caused serious damage to human health. HCC accounts for about 90% of all primary liver cancers, and there are marked variations among geographic regions, racial, and ethnic groups, and between men and women [4] . Most HCC cases (about 80%) occur in either sub-Saharan Africa or Eastern Asia, and China alone accounts for more than 50% of the world's cases [4] . As a complex and multi-factorial process, hepatocellular carcinogenesis is still not fully understood [4, 5] . Previous epidemiological studies have identified that major risk factors for the development of HCC are chronic infection with hepatitis B virus (HBV) or hepatitis C virus (HCV), liver cirrhosis, habitual alcohol abuse, and exposure to aflatoxin B1 [4, 5] . However, most individuals with these known environmental risk factors never develop HCC while many HCC cases develop among individuals without those known risk factors, suggesting that genetic factors also play an important role in hepatocellular carcinogenesis [5] .
TP53 is a tumour suppressor that plays an important role in cell cycle regulation and the maintenance of genome integrity [6, 7, 8] . TP53 mediates the cellular response to DNA damage via effects on gene transcription, DNA synthesis and repair, genomic plasticity and apoptosis. Functional polymorphisms of the TP53 gene which influence the above activities of TP53 protein might be associated with human susceptibility to cancer. A common single nucleotide polymorphism in codon 72 of TP53 (rs1042522) causes the Arg to Pro amino acid substitution, and the 72Arg allele shows more efficient in inducing apoptosis [9] and lower ability in inducing cell cycle arrest and DNA repair [10, 11] . In addition, the human homolog of mouse double minute 2 (MDM2), acting as a major negative regulator of the TP53 tumor suppressor protein, directly binds to the latter to inhibit its activity as a transcription factor, and ubiquitinates it enhancing its proteolytic breakdown [12] . One polymorphism in the promoter region of MDM2, a T to G change at nucleotide 309 in the first intron (rs2279744), was associated with the enhanced MDM2 expression, and then attenuated function of the TP53 protein. Taken together, the two polymorphisms TP53 R72P and MDM2 SNP309 can accelerate carcinogenesis directly by affecting TP53 function and indirectly by down-regulation of TP53 via overexpression of MDM2, respectively. Hence, it is biologically reasonable to hypothesize a potential relationship between the TP53 R72P and MDM2 SNP309 polymorphisms and HCC risk.
Over the last two decades, a number of case-control studies have been conducted to investigate the associations between TP53 R72P and MDM2 SNP309 polymorphisms and HCC risk, but the results remain controversial and inconclusive. With respect to MDM2 SNP309 polymorphism, a meta-analysis by Ma et al. [13] found that the MDM2 SNP309 polymorphism was associated with an increased HCC risk in Asians and Caucasians, however, they failed to include all eligible studies in the meta-analysis [14, 15, 16] , which make their conclusions questionable. With respect to TP53 R72P polymorphism, two meta-analyses [17, 18] investigating the same hypothesis, quite similar in methods and performed almost at the same time, yielded different conclusions. Furthermore, the two previous meta-analyses did not cover all eligible studies. The exact relationship between genetic polymorphisms of TP53 R72P and MDM2 SNP309 and HCC susceptibility has not been entirely established. To provide the most comprehensive assessment of the associations between the TP53 R72P and MDM2 SNP309 polymorphisms and HCC risk, we performed an updated metaanalysis of all available studies. The meta-analysis presented in this study aims to assess whether TP53 R72P and MDM2 SNP309 polymorphisms associated with HCC risk and to investigate the possible combined effect between the MDM2 SNP309 and the TP53 R72P polymorphisms on HCC risk.
Methods

Search Strategy
This study was performed according to the proposal of Metaanalysis of Observational Studies in Epidemiology group (MOOSE) [19] . We conducted a comprehensive literature search in PubMed, Cochrane Library, Embase, and Chinese Biomedical Literature database (CBM) databases up to July 01, 2013 using the following search strategy: (''liver cancer'', ''hepatocellular carcinoma'' or ''HCC'') and (''TP53'', ''P53'', ''codon 72'', ''Murine double minute 2'', or ''MDM2''). There was no restriction on time period, sample size, population, language, or type of report. All eligible studies were retrieved and their references were checked for other relevant studies. The literature retrieval was performed in duplication by two independent reviewers (Xue Qin and Qiliu Peng). When multiple publications reported on the same or overlapping data, we chose the most recent or largest population.
Selection Criteria
Studies included in the meta-analysis were required to meet the following criteria: (1) Case-control studies which evaluated the association between TP53 R72P and/or MDM2 SNP309 polymorphisms and HCC risk; (2) used an unrelated case-control design; (3) had an odds ratio (OR) with 95% confidence interval (CI) or other available data for estimating OR (95% CI); and (4) control population did not contain malignant tumor patients. Conference abstracts, case reports, editorials, review articles, and letters were excluded.
Data Extraction
Two investigators (Xue Qin and Qiliu Peng) independently extracted data from the eligible studies. Data extracted from eligible studies included the first author's name, publication date, country of origin, ethnicity, genotyping method, matching criteria, source of control, HCC confirmation, QC when genotyping, total numbers of cases and controls and genotype frequencies of cases and controls. The hepatitis virus infection status was additionally recorded for the stratified analysis. Two investigators checked the data extraction results and reached consensus on all of the data extracted.
Quality Score Assessment
Methodological quality was independently assessed by two reviewers (Xue Qin and Qiliu Peng), according to a set of predefined criteria (Table 1) based on the scale of Thakkinstian et al. [20] . The revised criteria cover the credibility of controls, the representativeness of cases, assessment of HCC, genotyping examination, Hardy-Weinberg equilibrium (HWE) in the control population, and association assessment. A third reviewer (Shan Li) was invited to the discussion if disagreement still existed. Scores ranged from 0 (lowest) to 12 (highest). Articles with scores less than 8 were considered ''low-quality'' studies, whereas those with scores equal to or higher than 8 were considered ''high-quality'' studies.
Statistical Analysis
Summary odds ratios (ORs) and corresponding 95% confidence intervals (CIs) were estimated for each polymorphism in different comparison models, including allelic contrast, additive genetic models, recessive genetic model, and dominant genetic model.
The Q test and I 2 statistics were used to assess the statistical heterogeneity among studies [21, 22] . If the result of the Q test was P Q ,0.1 or I 2 $50%, indicating the presence of heterogeneity, a random-effects model (the DerSimonian and Laird method) was used to estimate the summary ORs [23] ; otherwise, when the result of the Q test was P Q $0.1 and I 2 ,50%, indicating the absence of heterogeneity, the fixed-effects model (the MantelHaenszel method) was used [24] . To explore the sources of heterogeneity among studies, we performed logistic metaregression and subgroup analyses. The following study characteristics were included as covariates in the metaregression analysis: genotyping methods (PCR-RFLP versus not PCR-RFLP), ethnicity (Caucasian population versus Asian population), quality score (high quality studies versus low quality studies), source of controls (Hospital-based versus Population-based), QC when genotyping (Yes versus no), and HCC confirmation (pathologically or histologically confirmed versus other diagnosis criteria). Subgroup analyses were conducted by ethnicity and hepatitis virus infection status. Galbraith plots analysis was performed for further exploration of the heterogeneity.
Sensitivity analysis was performed by sequential omission of individual studies. For each polymorphism, publication bias was evaluated using Begg's funnel plot and Egger's regression asymmetry test [25] . The HWE of the control population in each eligible study was tested using a goodness-of-fit Chi-square test. All analyses were performed using Stata software, version 12.0 (Stata Corp., College Station, TX). All p values were two-sided. To ensure the reliability and the accuracy of the results, two authors entered the data into the statistical software programs independently with the same results.
Results
Study Characteristics
Based on our search criteria, 25 studies relevant to the role of TP53 R72P and/or MDM2 SNP309 on HCC susceptibility were identified. Six of these articles were excluded including 3 publications containing overlapping data [26] [27] [28] , and 3 were meta-analyses [13, 17, 18] . Manual search of references cited in the published studies did not reveal any additional articles. As a result, a total of 19 relevant studies including 16 English articles [14, 15, 27, [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] ] and 3 Chinese papers (one was a dissertation of postgraduate student) [16, 42, 43] met the inclusion criteria for the meta-analysis ( Figure S1 ). The main characteristics of the studies were presented in Table 2 . Among them, 5 studies evaluated the MDM2 SNP309 polymorphism, 9 studies evaluated the TP53 R72P polymorphism, and 5 studies evaluated TP53 R72P and MDM2 SNP309 simultaneously. Therefore, a total of 10 studies including 2,243 cases and 3,615 controls were available for the meta-analysis of MDM2 SNP309 polymorphism and 14 studies containing 4,855 cases and 6,630 controls were included for TP53 R72P polymorphism. The sample size in these studies varied considerably, ranging from 183 to 3,727 individuals. Of all the eligible studies, 2 were conducted in Caucasians, 7 were in Asians, and 1 was in Africans for MDM2 SNP309 polymorphism; 9 were conducted in Asians, 4 in Caucasians, and 1 was in Africans for TP53 R72P polymorphism. Three studies were population-based and 16 were hospital-based studies. Fourteen articles of all eligible studies used quality control when genotyping and 4 studies in the present meta-analysis did not provide definite criteria for the HCC diagnosis. Several genotyping methods were used, including PCR-RFLP, TaqMan assay, and MALDI-TOF. The genotype distributions of the controls in 2 studies were not consistent with HWE for MDM2 SNP309 polymorphism [30, 35] and 2 were not consistent with HWE for TP53 R72P polymorphism [36, 38] . Table 3 lists the main results of this meta-analysis. Table 2 . Characteristics of eligible studies. For the MDM2 SNP309 polymorphism, the between-study heterogeneity was significant when all 10 studies were pooled into meta-analysis (I 2 .50.0%, or P Q ,0.10), thus, the random-effects model was used to pool the results. The results of pooling all studies showed that the MDM2 SNP309 polymorphism was associated with increased HCC risk in all genetic models (G vs. T: OR = 1.371, 95%CI: 1.153-1.631, P = 0.000; GG vs. TT: OR = 1.831, 95%CI: 1.300-2.579, P = 0.001, Figure 1 For the TP53 R72P polymorphism, the between-study heterogeneity was also significant when all 14 eligible studies were pooled into meta-analysis (I 2 .50.0%, or P Q ,0.10), thus the randomeffects model was used to pool the results. The meta-analysis results showed that the TP53 R72P polymorphism was not associated with increased HCC risk in the overall populations. In the stratified analyses by ethnicity and hepatitis virus infection status, statistically significant associations were also not observed in all subgroups (Figure 2) .
Meta-analysis Results
For the MDM2 SNP309-TP53 R72P interaction analysis, the between-study heterogeneity was not significant in most of subgroups when all three eligible studies were pooled into metaanalysis (I 2 #50.0%, and P Q .0.10; Table 4 ), thus the fix-effects model was used to pool the results. In comparison to the reference MDM2 309TT and p53 Arg/Arg genotype, subjects with the MDM2 309TT and TP53 Pro/Pro genotype (OR = 1.996, 
Heterogeneity Analysis
For the MDM2 SNP309 polymorphism, the I 2 values of heterogeneity were greater than 50% and the P Q values were lower than 0.10 in all genetic comparison models (additive model GG vs. TT and TG vs. TT, recessive model GG vs. TG+TT, and dominant model GG+TG vs. TT) in the overall populations, which indicated statistically significant heterogeneity among studies. To explore the sources of heterogeneity, we performed metaregression and subgroup analyses. Metaregression analysis of data showed that the ethnicity and Quality scores were the major sources which contributed to heterogeneity (regression coefficient = 0.114, 95%CI: 0.075-0.153, p = 0.003 for ethnicity and regression coefficient = 0.217, 95%CI: 0.093-0.341, p = 0.016 for Quality scores, respectively). The Genotyping methods, HCC confirmation, Source of control, and QC when genotyping were not effect modifiers. Subsequently, we performed subgroup analyses by ethnicity and hepatitis virus infection status. However, heterogeneity still existed in all the above genetic comparison models in Asians and HBV positive subgroup (Table 3) . To further investigate the heterogeneity, we performed Galbraith plots analysis to identify the outliers which might contribute to the heterogeneity. Our results showed that the studies Jiang et al. [16] and Yang et al. [15] were outliers in all the above four genetic comparison models in the overall populations ( Figure 3 ). All I 2 values decreased obviously and P Q values were greater than 0.10 after excluding the two studies Jiang et al. [16] and Yang et al. [15] in all genetic comparison models in the overall populations, Asians and HBV positive subgroup. However, the significance of the summary ORs for the MDM2 SNP309 polymorphism in different comparison models in the overall populations, Asians and HBV positive subgroup were not influenced by omitting the two studies (Data not shown).
For the TP53 R72P polymorphism, significant between-study heterogeneity was also observed in the pooling analyses of total available studies (the I 2 values of heterogeneity were greater than 50% and the P Q values were lower than 0.10 for additive model ProPro vs. ArgArg, recessive model ProPro vs. ArgPro+ArgArg, and dominant model ProPro+ArgPro vs. ArgArg). Metaregression analysis showed that the Quality scores was the major source heterogeneity (regression coefficient = 0.127, 95%CI: 0.051-0.203, p = 0.001). The Ethnicity, Genotyping methods, HCC confirmation, Source of control, and QC when genotyping were not effect modifiers. Galbraith plots analysis indicated that the studies by Jiang et al. [16] and Yoon et al. [35] were spotted as the major source of the heterogeneity (Figure 4 ). The I 2 values decreased obviously and P Q values were greater than 0.10 after excluding the two studies Jiang et al. [16] and Yoon et al. [35] in the overall populations, Asians and HBV positive subgroup. However, the significance of the ORs for the TP53 R72P polymorphism in the overall populations, Asians and HBV positive subgroup were also not changed by excluding the two studies.
Sensitivity Analysis
Sensitivity analysis was performed by sequential omission of individual studies for both MDM2 SNP309 and TP53 R72P polymorphisms. For analyses of pooling more than three individual studies, the significance of ORs was not influenced excessively by omitting any single study (data not shown). For the MDM2 SNP309 polymorphism, sensitivity analysis was further performed by omitting the studies by Leu et al. [30] and Yoon et al. [35] in which the control populations were not in accordance with HWE. The significance of all ORs was not altered after excluding these two studies. For the TP53 R72P polymorphism, a sensitivity analysis was also further performed by omitting those two studies by Sumbul et al. [36] and Yu et al. [38] in which the control populations were deviated from HWE, and the significance of all ORs was also not altered.
Publication Bias
Begg's funnel plot and Egger's test were performed to access the publication bias in this meta-analysis. Funnel plot shapes did not reveal obvious evidence of asymmetry, and all the p values of Egger's tests were more than 0.05 for both MDM2 SNP309 and TP53 R72P polymorphisms, providing statistical evidence of the funnel plots' symmetry ( Figure S2) . The results suggested that publication bias was not evident in this meta-analysis.
Discussion
Previous studies investigating the associations between MDM2 SNP309 and/or TP53 R72P polymorphisms and HCC risk have provided inconsistent results, and most of those studies involved no more than a few hundred HCC cases, which is too few to assess any genetic effects reliably. Meta-analysis has been recognized as an important tool to more precisely define the effect of selected genetic polymorphisms on the risk for disease and to identify potentially important sources of between-study heterogeneity. Hence, we performed this meta-analysis including all available studies to provide the most comprehensive assessment of the associations between the MDM2 SNP309 and TP53 R72P polymorphisms and HCC risk. Our results suggested that the MDM2 SNP309 polymorphism was significantly associated with increased HCC risk in the overall populations, different ethnic subgroups, and HCV positive patients. However, our data did not support a genetic association between the TP53 R72P polymorphism and HCC risk. In the MDM2 SNP309-TP53 R72P interaction analysis, we found that individuals with MDM2 309TT and TP53 Pro/Pro genotype, MDM2 309 TG and TP53 Arg/Pro genotype, and MDM2 309 GG and TP53 Pro/Pro genotype had significantly increased HCC risk compared to those with the reference MDM2 309TT and TP53 Arg/Arg genotype.
Acting as a tumor suppressor, TP53 could lead to cell growth arrest and/or apoptosis in response to DNA damage and other cellular stresses [44] . The TP53 function is controlled by MDM2, which binds to TP53 and prevents TP53-dependent cell cycle arrest or apoptosis [45] . On the other hand, the MDM2 promoter is regulated by TP53 [46] . The functional TP53 Arg72Pro polymorphism has been shown to depress the activities of TP53 in inducing apoptosis, cell cycle arrest, and DNA repair [10, 11] . However, in the present meta-analysis, we found that TP53 R72P polymorphism was not significantly associated with the risk of HCC neither in the overall combined analysis nor the stratified analyses according to ethnicity and hepatitis virus infection status, which was inconsistent with the previous meta-analysis conducted by Lv et al. [17] and Ding et al. [18] . The main factor that would contribute to the discrepancy is that the previous meta-analyses with relatively small sample size may have insufficient statistical power to detect a real association with HCC risk or may have generated a fluctuated risk estimate. This observation is not a surprise because the TP53 72Pro allele could induce cell cycle arrest and DNA repair more efficiently to prevent transformation of normal cells [10] .
MDM2 is one of the central nodes in the TP53 pathway. The proper regulation of MDM2 levels has been shown to be vital for TP53 tumor suppression, and even a modest change in levels could affect the TP53 pathway and, subsequently, cancer development in mouse models [47] . The study by Bond et al. [48] revealed that SNP309 GG cell lines expressed higher levels of MDM2 (on average 8-fold mRNA and 4-fold protein levels) than TT cell lines, whereas intermediate protein levels (on average 1.9-fold) were observed in heterozygous (TG) cell lines. Furthermore, Hong et al. [49] showed that SNP309 GG carriers had significantly higher MDM2 mRNA expression in esophageal tissue than TT carriers, but the TG heterozygote did not confer an increased MDM2 transcription. Thus, there is obvious biological evidence for the effects of MDM2 SNP309 polymorphism on HCC risk. In the present meta-analysis, we found that the MDM2 SNP309 polymorphism was significantly associated with increased HCC risk in the overall populations, different ethnic subgroups, and HCV positive patients. This functional relevance of MDM2 SNP309 polymorphism is consistent with the molecular epidemiological finding, demonstrating that the MDM2 SNP309 polymorphism played an important role in the HCC development.
HBV belongs to a family of DNA viruses called hepadnaviruses. The oncogenic potential of HBV has been attributed to its ability to integrate into host cellular DNA, which, may activate neighboring cellular genes directly to offer a selective growth advantage to the liver cells. In addition, production of hepatitis B x (HBx) protein can act as a transactivator on various cellular genes for cell growth and tumorigenesis [50] . In contrast, HCV is a positive-stranded RNA virus the genome of which does not seem to integrate into hepatocyte's genome [51] . Therefore, differences in carcinogenetic mechanisms between these viruses may affect HCC development. In the present meta-analysis, we found that the MDM2 SNP309 polymorphism was significantly associated with increased HCC risk in HCV positive patients but not in HBV positive subgroup, which is consistent with the study conducted by Dharel et al. [31] . The explanation for preferentially increased HCC risk of MDM2 SNP309 polymorphism in HCV positive patients but not in HBV positive subgroup is that the TP53 function in the HCV patients could have been indirectly suppressed by the heightened MDM2 levels, making them more vulnerable to cancer development.
Previous research has demonstrated an interaction between MDM2 and TP53 at the molecular level [52] , and the combined effects of MDM2 SNP 309 and TP53 Arg72Pro have been examined in lung cancer, Li-Fraumeni syndrome and nonpolyposis colorectal cancer, with conflicting results [53, 54, 55] . In the present meta-analysis, we included all available three studies to explore the interaction effects between TP53 Arg72Pro and MDM2 SNP309 polymorphisms on HCC risk. We found that subjects with the MDM2 309TT and TP53 Pro/Pro genotype, MDM2 309 TG and TP53 Arg/Pro genotype, and MDM2 309 GG and TP53 Pro/Pro genotype present significantly increased risk of developing HCC as compared with the reference MDM2 309TT and TP53 Arg/Arg genotype. However, no any dose-effect relationship was found in the interaction analysis. To the best of our knowledge, this is the first meta-analysis to explore the Heterogeneity is a potential problem when interpreting the results of a meta-analysis, and finding the sources of heterogeneity is one of the most important goals of meta-analysis [56] . In the present meta-analysis, significant between-study heterogeneity in the pooled analyses of total eligible studies was observed (P Q values for MDM2 SNP 309 and TP53 Arg72Pro polymorphisms were all less than 0.10, and I 2 values were larger than 50.0%). To find the sources of heterogeneity, we performed subgroup analyses and. Subgroup analyses showed that the heterogeneity was still significant in Asians and HBV positive patients, while it was removed in the other subgroups, indicating that heterogeneity might result from the inconsistency of effects across those included studies from Asian population and HBV positive patients.
Metaregression analysis showed that the ethnicity and Quality scores were the major sources of heterogeneity for MDM2 SNP 309 polymorphism and the Quality scores was the major source heterogeneity for TP53 Arg72Pro polymorphism. Subsequently, we performed Galbraith plots to further investigate the heterogeneity. For the MDM2 SNP 309 polymorphism, Galbraith plots spotted 2 studies [15, 16] as the outliers and the possible major TP53 and MDM2 Gene Polymorphisms and HCC sources of heterogeneity. For the TP53 Arg72Pro polymorphism, Galbraith plots also spotted 2 studies [16, 35] as the outliers and the possible major source of heterogeneity. Interestingly, the studies spotted as the outliers were all from Asian populations and HBV positive subgroup, which further confirmed that the inconsistency of effects across those studies from the above population might be the major sources of heterogeneity in this meta-analysis. When excluding the studies of Yang et al. [15] and Jiang et al. [16] for MDM2 SNP 309 polymorphism and the studies of Jiang et al. [16] and Yoon et al. [35] for p53 Arg72Pro polymorphism, all I 2 values decreased lower than 50% and P Q values were larger than 0.10 in all genetic comparison models in the overall populations, Asians, and HBV positive subgroup. However, the summary ORs for the MDM2 SNP309 and TP53 Arg72Pro polymorphisms in different comparison models in the overall population and subgroup analyses were not material change by omitting the studies spotted as outliers, indicating that our results were robust and reliable.
Some possible limitations in this meta-analysis should be acknowledged. First, the overall outcomes were based on individual unadjusted ORs, whereas a more precise evaluation should be adjusted by potentially suspected factors including age, gender, smoking status, and environmental factors. Second, the controls were not uniformly defined. Although most of the controls were selected mainly from healthy populations, some had benign disease such as liver cirrhosis, HBsAg positive and so on. Therefore, non-differential misclassification bias was possible because these studies may have included the control populations who have different risks of developing HCC. Third, the number of studies included in the meta-analysis for African population was relatively small and there was only one study in the African group, which may lead to low statistical power and generated fluctuate estimation. Finally, gene-environment interactions were not addressed in this meta-analysis due to the lack of sufficient data. As is generally accepted, aside from genetic factors and chronic infection with HBV or HCV, exposure to aflatoxin B1, liver cirrhosis, and habitual alcohol abuse are major risk factors for HCC; however, we could not perform subgroup analyses based on these environmental exposures owing to the limited reported information on such associations in those included studies.
Despite these limitations, this meta-analysis suggests that the MDM2 SNP 309 polymorphism but not TP53 Arg72Pro variant is associated with increased risk of HCC. In addition, our findings further suggest that the combination of MDM2 SNP 309 and TP53 Arg72Pro genotypes confers higher risk to develop HCC. However, it is necessary to conduct large sample studies using standardized unbiased genotyping methods, homogeneous HCC patients and well-matched controls. Moreover, gene-environment interactions should also be considered in the analysis. Such studies taking these factors into account may eventually lead to better, comprehensive understanding of the association between these polymorphisms and HCC risk.
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